and efficacy of the thrombectomy devices, the most recent 2013 American Heart Association guidelines for the management of AIS recommended that additional studies assess the efficacy of these devices in improving clinical outcomes. 10 The 2015 MR CLEAN (Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke), ESCAPE (Endovascular Treatment for Small Core and Anterior Circulation Proximal Occlusion with Emphasis on Minimizing CT to Recanalization Times), and EXTEND-IA (Extending the Time for Thrombolysis in Emergency Neurological Deficits-Intra-Arterial) trials all found improvements in clinical outcomes and recanalization without significant increases in mortality or symptomatic hemorrhage when endovascular treatment with thrombectomy devices was performed in comparison with the sole administration of intravenous tPA. 2, 4, 8 However, these trials did not directly address the differences in outcomes among the 4 available mechanical thrombectomy devices. Our study compares clinical outcomes, efficacy, and safety of the non-stent retriever devices Merci Retriever and Penumbra System with those of the stent retrievers Solitaire FR and Trevo Pro Retriever in the endovascular treatment of AIS.
Methods

Study Population
Patients with acute ischemic stroke who underwent intraarterial mechanical thrombectomy at Jefferson Hospital for Neuroscience (JHN) from January 2008 through June 2014 were identified from a prospectively maintained database. Patients with preintervention arterial dissections were excluded. A total of 166 patients were included in this study.
Patient Selection and Endovascular Procedure
Patients suspected of AIS underwent noncontrast CT scanning, CT angiography, and CT perfusion (CTP) scans upon admission to Thomas Jefferson University Hospital. Patients with an NIH Stroke Scale (NIHSS) score ≥ 5, ischemic penumbra, and an identifiable intracranial arterial thrombus were selected to receive mechanical thrombectomy. Merci was used from 2008 through 2014. The Penumbra 0.054-in reperfusion catheter and the 5MAX with separator were used from 2008 to 2012. Stent retrievers were introduced in 2011. During each year from January 2008 through June 2014, 15, 10, 20, 34, 40, 32, and 15 mechanical thrombectomies, respectively, were performed. Some patients were treated with multiple devices or were given supplemental intraarterial tPA. The first device used in each patient was the one reported for analysis. CT and MRI scans were obtained 24 hours postintervention to screen for hemorrhagic complications.
Outcome Measures
Primary outcome measures included modified Rankin Scale (mRS) score at 90 days, recanalization rate as assessed by the thrombolysis in cerebral infarction (TICI) score, 9 and incidence of symptomatic intracranial hemorrhage (ICH). A good clinical outcome was defined as an mRS score ≤ 2 at 90 days, while a poor outcome was defined as an mRS Score 3-6. Successful recanalization was defined as a TICI score of 2b or 3. Symptomatic hemorrhages were identified as ICH associated with a worsening of the NIHSS by ≥ 4 points or those requiring intervention.
Secondary outcomes included discharge location, mortality at 90 days, radiographic analysis of the percentage of area salvaged, and overall incidence of ICH. Discharge location was grouped by release to home or rehabilitation versus hospice, assisted living facility, or in-hospital death. An unbiased neuroradiologist blinded to the type of intervention patients received calculated percentage area of brain parenchyma salvaged in the 71 patients who underwent both preintervention CT scanning and postintervention MR imaging by dividing the area salvaged by initial area at risk. Radiographic findings ranging from petechiae to large-scale hemorrhages requiring intervention were included in the overall incidence of ICH.
Statistical Analysis
Data are presented as the mean and range for continuous variables and as frequency for categorical variables. Analysis was carried out using chi-square and Fisher's exact tests as appropriate. A comparison of continuous data was carried out using an unpaired t-test when there were 2 groups. When there were 3 or more groups, analysis was carried out using ANOVA followed by Bonferroni post hoc testing. Univariate analysis was used to test covariates predictive of the following dependent outcomes: mRS Score 3-6, mortality at 90 days, and TICI Score 3. Interaction and confounding were assessed through stratification and relevant expansion covariates. Factors predictive in univariate analysis (p < 0.20) were entered into a backward multivariate logistic regression analysis; p values of ≤ 0.05 were considered statistically significant. Statistical analysis was carried out using Stata (version 10.0, StataCorp.).
Results
Baseline Characteristics
Of the 166 patients with AIS who underwent mechanical thrombectomy at JHN, 99 were treated with non-stent retriever devices (30 treated with Merci and 69 treated with Penumbra) and 67 with stent retrievers (62 treated with Solitaire and 5 treated with Trevo). The non-stent retriever and stent retriever cohorts were statistically comparable with respect to age, sex, NIHSS score on admission, baseline mRS, and occlusion site (Table 1) . However, the stent retriever cohort included a significantly greater proportion of African Americans (p = 0.04). Additionally, a higher proportion of stent retriever patients had a history of smoking (p = 0.01). Before initiating intraarterial mechanical thrombectomy, intravenous tPA was administered to 42 patients in the non-stent retriever cohort and 35 in the stent retriever group (p = 0.21). The average time from symptom onset to groin puncture was statistically comparable between the 2 cohorts.
Clinical Outcomes
Good clinical outcomes (mRS score ≤ 2 at 90 days) were attained more often in the stent retriever cohort 
Efficacy Outcomes
Recanalization (TICI Scores 2b-3) was achieved in 79 (79.80%) patients in the non-stent retriever cohort and 65 (97.01%) in the stent retriever cohort (p < 0.001), as shown in Table 3 . Although time to recanalization was not statistically different (8. 
Safety Outcomes
The combined incidence of postintervention hemorrhages was significantly reduced in the stent retriever cohort (40/99, 40.40% [non-stent retriever] vs 9/67, 13.43% [stent retriever]; p = 0.002). Symptomatic ICH occurred 
Predictors of mRS Score 3-6 at 90 Days
Univariate logistic regression analysis of data identified 7 factors as predictors of mRS Score 3-6: increased age (p < 0.001), less likely administration of intravenous tPA (p = 0.03), use of a first-generation device (p < 0.001), longer length of stay (p = 0.02), decreased TICI score (p < 0.001), postintervention hemorrhage (p = 0.005), and less change in the area salvaged (p = 0.007). A multivariate analysis including preintervention characteristics, preintervention CTP, postintervention diffusion-weighted imaging (DWI), and change in area identified the use of non-stent retriever devices (p = 0.002), increased CTP area (p = 0.04), and less change in area of parenchymal involvement (p = 0.03) as the independent predictors of mRS Score 3-6, as indicated in Table 4 . Use of a second-generation device rather than Merci was not a predictor of poor 90-day outcome (OR 0.53 [95% CI 0.154-1.793], p = 0.30). However, use of Penumbra rather than Merci was a predictor of poor 90-day outcome (OR 6.14 [95% CI 1.436-26.218], p = 0.01).
Predictors of Mortality at 90 Days
Univariate logistic regression analysis of data identified 3 factors as predictors of mortality: increased age (p = 0.02), history of diabetes (p = 0.008), and decreased TICI score (p < 0.001). A multivariate analysis including preintervention characteristics identified increasing age (p = 0.02) and history of diabetes (p = 0.01) as independent predictors of mortality, as noted in Table 5 . When controlling for these 2 factors, there was a trend toward de- 
Predictors of TICI Score 3 Recanalization
Univariate logistic regression analysis of data identified 3 factors as predictors of TICI Score 3 recanalization: use of a stent retriever (p < 0.001), less likely administration of intraarterial tPA (p = 0.02), and decreasing number of device passes (p = 0.002). A multivariate analysis including preintervention characteristics identified the use of stent retrievers (p < 0.001) as the only independent predictor of TICI Score 3, as specified in Table 6 . Use of a stent retriever rather than Merci was a predictor of TICI Score 3 (OR 5. 
Discussion
The goal of our analysis was to compare clinical outcomes, efficacy, and safety of 4 FDA-approved thrombectomy devices in the treatment of AIS. We hypothesized that stent retrievers (Solitaire and Trevo) would have better clinical outcomes, higher efficacy, and comparable safety in the treatment of AIS.
Our study found that mechanical thrombectomy using stent retrievers is associated with significantly higher rates of favorable clinical outcomes (mRS scores ≤ 2) in 14 The MERCI trial reported a rate of mRS score ≤ 2 at 90 days of 27.7% with the use of the Merci Retriever. 17 The SWIFT trial found that outcome is significantly improved with Solitaire (mRS score ≤ 2, 58%) as opposed to Merci (mRS score ≤ 2, 33%). 16 Ribo et al. and Deshaies et al. also documented greater rates of good clinical outcomes with the use of stent retrievers than Merci. 7, 15 The use of non-stent retriever devices (p = 0.002), increased area of parenchymal involvement on preintervention CTP (p = 0.04), and less change in area of parenchymal involvement (p = 0.03) were independent predictors of mRS Scores 3-6. Ribo et al. found that use of Solitaire and Trevo, compared with intraarterial tPA or Merci, increased the odds of an mRS score ≤ 2 at 90 days (OR 1.9 [95% CI 1.04-3.39], p = 0.037). 15 Kass-Hout et al. also reported that the use of stent retrievers was an independent predictor of good functional outcome (OR 2.27 [95% CI 1.018-5.048], p = 0.045). 11 Greater preintervention parenchymal involvement is associated with higher risk of hemorrhagic conversion, which can explain its association with worse functional outcomes. 18 Stent retrievers were associated with lower NIHSS score at 90 days (p = 0.008) despite comparable scores upon admission. However, it is important to note that the trend toward lower initial NIHSS in the stent retriever group, although not statistically significant, may have been clinically relevant. Patients treated with stent retrievers had shorter hospital stays (8.3 days, p = 0.02) and higher discharge rates to home or rehabilitation (80.60%, p = 0.009). When controlling for increasing age and diabetes, the independent predictors of mortality, our study showed a trend toward decreased mortality with stent retrievers (p = 0.07). Other studies also reported age as a significant predictor of mortality. 1, 12 Linfante et al. found diabetes to be a predictor of poor outcome, possibly due to the greater prevalence of diabetes among older patients who have higher odds of mortality after thrombectomy. 12 Thrombectomy with stent retrievers yielded rates of recanalization (TICI Scores 2b-3) as high as 97.01%. The EXTEND-IA trial and Dávalos et al. reported similar rates of TICI 2-3 recanalization. 4, 6 The SWIFT and TREVO 2 trials concluded that Solitaire and Trevo devices achieve significantly better recanalization grades than Merci.
13,16
Ribo et al. also noted that Solitaire and Trevo (67.2%) have higher recanalization rates than Merci (57.3%) (p = 0.050). 15 The trend toward more intravenous tPA in the stent retriever group, as well as the greater number of occlusions at the terminus of the internal carotid artery and fewer middle cerebral artery occlusions, although not statistically significant, may have been clinically relevant. Our study found that the use of stent retrievers was the only independent predictor of TICI Score 3 recanalization (p < 0.001). Decreased TICI score was a predictor of mortality, suggesting the significance of achieving recanalization on clinical outcomes.
The percentage of brain parenchyma salvaged increased significantly with the use of stent retrievers (62.30% vs 28.23%, p = 0.002). Improved radiographic outcomes were consistent with greater recanalization. Additionally, the significantly lower use of intraarterial tPA (p < 0.001) and fewer device passes (p = 0.03) to achieve recanalization in the stent retriever cohort support the superior efficacy of stent retrievers. Minimizing the use of intraarterial tPA and device passes may offer additional benefits beyond recanalization by reducing the risk of hemorrhagic complications from thrombolysis or mechanical disruption of the arterial wall.
The incidence of postprocedural symptomatic ICH did not differ significantly between our non-stent retriever and stent retriever cohorts (p = 0.15), while the total occurrence of hemorrhages was significantly lower with stent retrievers (p = 0.002). This might be attributed to more technical difficulties encountered with non-stent retrievers, potentially leading to a greater risk for vessel perforation associated with small insignificant or asymptomatic hemorrhages, or to the greater use of heparin prior to non-stent retriever procedures. Similarly, the SWIFT trial reported that the incidence of symptomatic ICH was nonsignificantly lower in patients treated with Solitaire, but the overall symptomatic and asymptomatic ICH incidence was significantly higher with Merci. 16 Ribo et al. also found comparable rates of symptomatic ICH between the Solitaire and Merci devices (p = 0.89). 15 In our study, the decrease in total occurrence of hemorrhages in association with comparable rates of symptomatic hemorrhages, decompressive hemicraniectomy, hydrocephalus, and deep venous thrombosis suggest improved safety with stent retrievers.
The primary limitation of this study is its retrospective nature. Although this was not a randomized blinded study, the collection database is prospectively maintained and the similarities in baseline characteristics between the 2 cohorts suggest that the results are valid. The limited sample size required some grouped analysis, rather than analysis of each device individually. Our study also lacked a control group receiving only intravenous tPA. However, our favorable results strongly support the use of stent retriever mechanical thrombectomy devices, either alone or as an adjunct to intravenous tPA, in the treatment of AIS. The revascularization rates achieved in our study exceed those attained from the sole use of intravenous tPA in published literature, such as the IMS III (Interventional Management of Stroke III) trial with an intravenous tPA revascularization rate of 40.8%. 3 Additionally, the frequency of mechanical thrombectomy at JHN increased from 2008 through June 2014, which may reflect changes in stroke management over time. Finally, the results of this study relate to mechanical thrombectomy performed at a single institution and, thus, may not be applicable to other institutions.
Conclusions
Our study suggests that mechanical thrombectomy with stent retrievers results in favorable clinical and radiographic outcomes, high rates of recanalization, and improved safety in patients with AIS. These findings favor the use of stent retrievers (Solitaire and Trevo) over nonstent retriever devices (Merci and Penumbra) as first-line intraarterial treatment of intracranial occlusions. Addi-tional multiinstitutional studies should be done to confirm our findings.
